protein gene in other baculoviruses. The proteins predicted from the LdMNPV genes encoding the PE protein, and ORF 1 demonstrated 27 and 34% amino acid sequence identity, respectively, with the corresponding genes in the Autographa californica multicapsid nuclear polyhedrosis virus.
The Lymantria dispar multicapsid nuclear polyhedrosis virus (LdMNPV) is pathogenic for the gypsy moth (L. dispar) which is a major defoliator of forest and shade trees in the Northeastern United States. Although LdMNPV can contribute significantly to the collapse of gypsy moth populations and an LdMNPV virus preparation has been registered as an insecticide for use against the insect, the virus is not well characterized. Recently, restriction maps have been reported for two isolates of the virus (Smith et al., 1988; S. Hiremath, personal communication) and these indicate that the genome is about 163 kbp which is almost 30% larger than the better characterized Autographa californica MNPV (AcMNPV) and Orgyia pseudotsugata MNPV (OpMNPV) genomes. In addition, the LdMNPV genome has a G + C content of about 60 % (McCarthy et al., 1979) which is substantially higher than that of other baculoviruses, e.g. 54% for OpMNPV (Rohrmann et al., 1977) and 40 to 53% for Spodoptera sp. NPVs (Harrap et al., 1977) . Both the high G+C content and the large genome size suggest that the LdMNPV genome may differ substantially in its gene content and organization from other baculovirus genomes.
In order to begin a more detailed characterization of the LdMNPV genome, we used DNA probes from representative OpMNPV genes to locate their homologues in the LdMNPV genome. In this report we describe the identification and characterization of the polyhedron envelope (PE) protein gene region. This gene encodes a protein that appears to be a major component of the polyhedron envelope (Gombart et al., 1989a;  The nucleotide sequence data reported have been assigned accession number D10836 by EMBL, GenBank and DDBJ. Russell & Rohrmann, 1990) . This region has been well characterized in both the AcMNPV and OpMNPV genomes and, in addition to the PE protein gene, contains genes for gp64 (a major envelope glycoprotein of the extracellular form of the virus); four open reading frames (ORFs 1, 2, 4 and 5) surrounding the PE protein gene, and the p26-p10-p74 gene region downstream of the PE protein gene (Blissard & Rohrmann, 1990) . In AcMNPV there are two additional ORFs (35K and 94K) plus an enhancer element (hr5) located in this region (Friesen & Miller, 1987; Blissard & Rohrmann, 1990) .
To locate genes on the LdMNPV genome we used a set of cosmids that were supplied by the U.S. Forest Service Laboratory in Delaware, Ohio and derived from clonal isolate CI 5-6 (Slavicek, 1991) . They are cloned into the cosmid vector pHC79 (Hohn & Collins, 1980) as partial digests of PstI or ClaI. All plasmid subcloning was done in pBlueScribe (Stratagene) modified by the addition of a BgllI site. Plasmids were grown in Escherichia coli host strains HBI01 and DH5~.
To locate the PE gene region, a 1-2 kb PstI-SalI pl:obe containing the PE ORF and part of ORF 4 from OpMNPV (Gombart et al., 1989b) was labelled using the method of Feinberg & Vogdstein (1984) and hybridized to blots (Gene-Screen Plus; Dupont) of the LdMNPV cosmids. Non-stringent hybridization conditions (30~o formamide) were utilized as described by Sambrook et al. (1989) . Hybridization to the BgllI D fragment (Fig. 1 a) , and a 1.3 kb BamHI-EcoRI fragment was observed. A 6.4 kb SstI fragment from this region was subcloned, exonuclease III deletion clones were produced (Henikoff, 1987) , and sequenced ( Fig. 2) the supplier's instruction. The sequence was analysed for ORFs in both directions with the IntelliGenetics suite of sequence analysis programs (Brutlag et al., 1990) . Seven ORFs were identified ( Fig. 1 b) that appeared to encode proteins based on their location relative to promoter elements. An ORF (ORF 3) of 936 nucleotides (nts) (312 amino acids; 33.8K) was found in the sequence which demonstrates 27 ~ and 34~o amino acid sequence identity to the PE protein genes of AcMNPV and OpMNPV, respectively (Fig. 3) . Over half (150 amino acids) of the LdMNPV protein shows less than 15~o sequence similarity to the AcMNPV and OpMNPV protein including the 50 amino acids at both the N and C termini and the sequence from amino acids 180 to 230. The LdMNPV PE protein is similar to OpMNPV in that it lacks the arginine-serine repeats found in the AcMNPV ORF. Although the sequences show limited overall sequence conservation, there are three regions each of 27 to 30 amino acids which begin at amino acids 77,160 and 239 that show strong sequence conservation (41 to 71 identity) with both the AcMNPV and OpMNPV PE proteins.
Although the PE protein genes of AcMNPV and OpMNPV have only a single late promoter element, two late promoter elements (ATAAG) (Rohrmann, 1986) were located immediately upstream of the LdMNPV PE protein gene. This is similar to the arrangement of the promoters of the LdMNPV, OpMNPV and AcMNPV p39 genes (Bjornson & Rohrmann, 1992) . The p39 promoters are separated by a highly homologous 43 nt sequence, whereas the LdMNPV PE protein gene promoters are separated by a 29 nt sequence which does not appear to be related to the conserved p39 sequence.
In OpMNPV and AcMNPV, the PE protein gene is located as the third in a series of five contiguous ORFs that are oriented in the same direction and that produce overlapping coterminal mRNAs (Oellig et al., 1987; Gombart et al., 1989b) . Alignment of the nucleotide sequence of the PE protein gene region of the LdMNPV genome with those from AcMNPV and OpMNPV revealed homology with the first ORF of the series (Fig.  4) . In AcMNPV and OpMNPV, ORF 1 encodes a protein of 198 and 192 amino acids, respectively. The homology observed in the LdMNPV ORF 1 corresponded to the C-terminal half (102 amino acids, 11K) of ORF 1 in both AcMNPV and OpMNPV. There are 37~o and 39~ amino acid identities with an additional 12~ and 9 ~o conservative substitutions of the LdMNPV ORF 1 with the C-terminal regions of the AcMNPV and OpMNPV ORF 1 sequences, respectively. The organization of the LdMNPV ORF 1 gene is similar to that of ORF 1 in the AcMNPV E strain (Tjia et al., 1979) in which the gene is divided by the insertion of a transposable element at about amino acid 100 (Fig. 4 ) (Gombart et al., 1989b) . Although a transposable element is present in ORF 1, no apparent phenotypic differences in this strain of AcMNPV have been reported. No evidence of a transposable element insertion into the LdMNPV ORF 1 sequence was found. The sequence TTAA, which is normally present at the junction of baculovirus transposable elements, is not found near the LdMNPV ORF 1 start. In addition, no sequences with homology to the N-terminal region of the ORF 1 gene were found in the 2.63 kb which were sequenced upstream of the LdMNPV ORF 1 sequence. However, this does not rule out the presence of a very large transposable element within ORF 1 in this strain of LdMNPV. The ORF 1 gene in OpMNPV was demonstrated to be transcribed as a late gene from near a GTAAG late promoter element (Gombart et al., 1989 b) . The non-interrupted AcMNPV ORF 1 gene (Whitford et al., 1989 ) also has a late promoter element upstream of the ORF. In contrast, not only is the LdMNPV ORF 1 gene truncated, but it also does not have a late promoter upstream of the gene. However, upstream of the ORF 1 sequence is a TATA promoter element and a CAGT mRNA start site consensus sequence that are located in a context similar to promoter elements found in other baculovirus early genes (Blissard & Rohrmann, 1989) (Fig. 2) . When a plasmid containing the ORF 1 regulatory region (nt 1 to 2952, Fig. 2 ) was digested with XhoI and used in an in vitro transcription reaction (Hoopes & Rohrmann, 1991) , a run-off transcript of about 160 nt was observed (data not shown). This corresponds to mRNA initiation close to the CAGT mRNA start site consensus sequence and indicates that the LdMNPV ORF 1 gene is transcribed by RNA polymerase II and is an early gene.
Upstream of the PE protein gene of AcMNPV and OpMNPV gene is a gene termed ORF 2 which is a highly conserved (72 ~o amino acid sequence identity; Gombart et al., 1989b) glycoprotein (T. Roberts, personal communication) which is expressed as a late gene. Although an ORF preceded by a late promoter element was observed between ORFs 1 and 3 in the LdMNPV sequence, it is in the opposite orientation and shows no homology to ORF 2 of AcMNPV and OpMNPV.
In AcMNPV and OpMNPV, the sequence directly downstream of the PE protein gene encodes an ORF (ORF 4) of 228 and 219 amino acids, respectively, which has a late promoter and is the least conserved gene (26~ amino acid sequence identity; Gombart et al., 1989b) so far reported for the two viruses. ORF 4 of LdMNPV is of similar size (194 amino acids) to the corresponding ORF in AcMNPV and OpMNPV and also has a late promoter element. However the LdMNPV ORF 4 demonstrates only limited similarity to the AcMNPV ORF 4 amino acid sequence (19~) and even less resemblance to OpMNPV ORF 4 (11 ~o) (data not shown). Since ORF 4 is so poorly conserved between AcMNPV and OpMNPV, it is difficult to conclude whether the LdMNPV ORF 4 is related to the gene from these viruses.
Three other ORFs were identified in this region. A large ORF (termed ORF A) (greater than 317 amino acids) originating upstream of the 5' end of the sequence is evident ( Fig. 1 and 2 ). In addition, downstream of ORF 4 are two additional ORFs (ORFs 5 and 6). Although ORF 5 has a late promoter element, the putative ATG initiation codon is not in optimal context (CGA ATG A) (Kozak, 1984) and the ORF is oriented in the opposite direction and is considerably smaller than the ORF 5 genes of AcMNPV and OpMNPV. ORF 6 encodes a protein of 292 amino acids, has an ATG in a good context (ACC ATG T), and. has an early promoter element and mRNA start site consensus sequence (CATT) about 30 nt downstream of the TATA box. A plasmid containing the ORF 6 regulatory region (nt 4915 to 6368, Fig. 2 ) was digested with ClaI or XhoI and used in an in vitro transcription assay described by Hoopes & Rohrmann (1991) . Run-off transcripts of the expected sizes (440 and 560 nt, respectively) were observed (data not shown). These transcripts are of the correct size to have been initiated at the CATT mRNA start site consensus sequence (nt 5265, Fig. 2 ) and indicate that ORF 6 is transcribed by RNA polymerase II and therefore is an early gene.
Neither ORF 6, ORF 5 nor ORF A shows significant homology with sequences in the PIR protein database.
To investigate further the organization of this region, clones were sequenced representative of DNA which was approximately 3 kb, 6 kb and 11.5 kb from the right end and 4.5 kb from the left end of the 6.4 kb region sequenced and analysed in this report (see Fig. 1 ). This would correspond to regions containing the gp64, p26, pl0 and p74 gene regions of OpMNPV and AcMNPV and also the 94K and 35K genes of AcMNPV. No homology to proteins encoded by the corresponding region of these other baculoviruses was found.
The location and orientation of the LdMNPV polyhedrin (Smith et al., 1989) , p39 capsid (Bjornson & Rohrmann, 1992) , PE protein, and ORF 1 genes have been determined. Although the spatial arrangement of the truncated ORF 1 and the PE protein genes is linked, the relationship of three gene regions does not appear to be conserved between the LdMNPV and AcMNPV or OpMNPV genomes. In addition, in this investigation a
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